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ABSTRACT 
 
Various remote sensing agencies of the world have 
created a data rich environment for research and 
applications over the last three decades. Especially over the 
last decade, the volume and variety of data useful for Earth 
system science have increased quite rapidly.  One of the key 
purposes of collecting these data and generating useful 
digital products containing derived geophysical parameters 
is to study the long-term trends in the Earth’s behavior. 
Long-term observational data and derived products are 
essential for validating results from models that predict the 
future behavior of the Earth system. Given the significant 
resources expended in gathering the observational data and 
developing the derived products, it is important to preserve 
them for the benefit of future generations of users.  
Preservation involves maintaining the bits with no loss (or 
loss within scientifically acceptable bounds) as they move 
across systems as well as over time, ensuring readability 
over time, and providing for long-term understandability 
and repeatability of previously obtained results.  In order to 
ensure long-term understandability and repeatability, it is 
necessary to identify all items of content that must be 
preserved and plan for such preservation. This paper 
discusses the need for a standard enumerating and 
describing such content items and reports on the progress 
made by NASA and the Federation of Earth Science 
Information Partners (ESIP Federation) in the U.S. towards 
such a standard. 
 
Index Terms— Data Preservation, Standards, Long-
Term Archives, Remote Sensing, Earth System Science 
 
1. INTRODUCTION 
 
The data and derived products useful for long-term studies 
originate from multiple missions (spaceborne, airborne and 
in situ) and from multiple national and international 
organizations. Even within a given mission, the various 
items important for a complete understanding of the results 
are not necessarily held during the life of the mission by a 
single organization. It is important to plan ahead to ensure 
that before the end of the mission, all the items that must be 
preserved are handed over to an organization with the 
responsibility to maintain them for the foreseeable future.  A 
standard that identifies all the content items that need to be 
preserved will help minimize inconsistencies among 
organizations, and assist missions in planning fully for 
preservation of required content.  Such a standard would 
also help users in determining utility of datasets for long-
term science studies. Establishing science-based criteria as a 
part of the standard will be useful for judging whether a 
collection is complete and will meet the needs of future 
scientists. 
 
   At this time, there are several standards relating to 
preservation. However, there is not a single standard that 
addresses all the contents essential to be preserved. The 
Consultative Committee for Space Data Systems (CCSDS) 
member space agencies’ volunteers developed an 
information standard called “Reference Model for Open 
Archival Information System (RM-OAIS)” initially released 
in 2001 and updated in 2009 [1]. The CCSDS 
recommendations include representative information needed 
for a full understanding of digital data objects. Metadata 
standards (ISO 19115 and related standards) provide 
placeholders for references to documentation and other 
external artifacts. The OpenGIS Sensor Model Language 
(SensorML) Encoding Standard specifies models and XML 
encoding that provide a framework for representing 
geometrics, dynamic, and observational characteristics of 
sensors and sensor systems [2]. These standards provide a 
framework, but not the specific types of information that 
should be preserved along with Earth science observational 
data.  
 
   The US Global Change Research Program (USGCRP) 
held a workshop in 1998 to discuss the Global Change 
Science Requirements for Long-Term Archiving (LTA) [3]. 
The workshop considered several use cases where data 
preservation along with appropriate metadata and 
documentation had helped in long-term analyses. Some of 
the key recommendations from the workshop include:  
• Lessons from experiences in using archived data 
lead to identification of data and documentation to 
be preserved 
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• Increase in scientific understanding of Earth’s 
system is the result of active, growing community 
of research scientists 
– This work requires wide variety of global-
scale measurements sustained over long 
periods 
– Extension, cross-calibration and validation of 
these datasets require combining 
measurements and derived products from 
multiple sources.  
– This is only possible if data, products and full 
documentation are preserved  
– Each scientist has easy access to the particular 
combination of data and information services 
they require 
   This workshop report also identified a number of 
categories of content that must be preserved along with data 
to facilitate their long-term usability.  
 
 
2. STANDARDS DEVELOPMENT PROCESSES AND 
STATUS 
 
The authors have been active in the Data Preservation 
Committee of the ESIP Federation. In January 2011 the 
authors proposed that a “Provenance and Context Content 
Standard (PCCS)” should be developed that enumerates all 
content items to capture completely the provenance and 
context of the data products resulting from Earth science 
missions. Utilizing the content items identified in the 
USGCRP Workshop Report, the results of work from 
several NASA instrument teams, and content items 
identified in NOAA’s Satellite Products and Services 
Review Board (SPSRB) Documentation Guidelines, a list of 
items was developed along with the following attributes: 
Content Item Name, Descriptive Definition, Rationale (why 
a given item is needed), Criteria (how good the content 
should be), Priority, User community (who would most 
likely use the item), Source, Project Phase for Capture, 
Representation (word files, numeric files, pointers, etc.) and 
Distribution Restrictions (e.g., proprietary concerns). Eight 
categories of content items have been identified: 
Preflight/Pre-Operations Calibration, Science Data Products, 
Science Data Product Documentation, Mission Data 
Calibration, Science Data Product Software, Science Data 
Product Algorithm Input, Science Data Product Validation 
and Science Data Software Tools. Content items defined 
within each of these categories, along with the attributes 
constitute a PCCS Matrix [4].  
 
   In parallel with the above efforts in the U.S., the European 
Space Agency has been active in its Long Term Data 
Preservation Program. In pursuit of a common approach for 
its Member States, ESA has developed the LTDP Common 
Guidelines as a basic reference for application by space data 
and archive owners. They first distinguish requirements by 
type of platform, e.g., spacecraft bases, , aircraft, balloon, 
and in-situ . Data to be preserved are selective in accordance 
with these mission classification categories. Space based 
subcategories include Synthetic Aperture Radar (SAR), 
Optical, Land/Ocean, Atmospheric Chemistry satellite 
systems. A list of general mission related documentation is 
offered to guide what to archive with the data. ESA’s 
Preserved Data Set Composition document [6] further 
defines what content to preserve by type of mission in the 
Earth Science context during all mission phases. At this 
level there is significant overlap and often one-to-one 
correspondence in the content descriptions with the eight 
content categories in the NASA specification. 
 
   The eight categories of content identified above are 
described in the next section. 
 
3. CONTENT CATEGORIES TO BE PRESERVED 
 
3.1. Preflight/Pre-Operations Calibration 
The purpose of this category is to organize evidence that 
supports and traces calibration of the instrument against 
standard or reference measurements prior to the start of the 
investigation’s observations.  Instrument and sensor are 
ideally used interchangeably here to represent remote (e.g., 
satellite, aircraft platforms) and in-situ measurement devices 
(e.g., aircraft & ground based). 
   Two subcategories are documentation of Instrument and 
sensor characteristics and pre-flight or pre-operational 
performance measurements. Different instrument types and 
performance characteristics require different measurements 
and descriptive information.  Complex radiative transfer 
models are often part of the calibration process. For space 
borne VIS-IR instruments this most often includes 
measurements of spectral response, noise characteristics and 
instrument geometric offsets and pointing. Pre-operations 
calibration measurements are the numeric digital data files 
of Instruments characteristics collected prior to deployment, 
pre-flight or pre-operational performance measurements. 
Documentation of measurements made before deploying 
instruments in space (or in situ) serve to establish calibration 
baselines and help users understand changes that may have 
occurred over time while in operation.  
 
3.2. Science Data Products 
Science data products are the data files containing the 
instrument data collected during the operating life.  Raw 
data are data values at full resolution as directly measured 
by a spaceborne, airborne or in situ instrument. Derived 
products are processed from the raw instrument output and 
ancillary engineering data where calibration and geo-
location transformations have been applied to generate 
sensor units and algorithms have been applied to generate 
gridded geophysical parameters. Derived product data files 
generally include imbedded metadata,  information about 
the data to facilitate discovery, search, access, understanding 
and usage associated with each of the data products.  
 
   Preservation of the raw data, data captured from the 
instrument prior to application of calibration and geo-
location algorithms, also known as a time-ordered stream of 
CCSDS packets, Level 0 data or Level 1a products, is 
required for regeneration of any higher-level products to 
remove errors or apply better atmospheric transmission, 
absorption, reflectance or scattering models.  
 
3.3 Science Data Product Documentation 
Documentation for the products includes product 
requirements and design, file format, content description, 
latency, accuracy and quality information. In addition, 
documents that describe the processing algorithms and their 
theoretical, scientific and mathematical basis; how they 
were numerically implemented, including error budgets and 
limitations; radiometric calibration, geophysical parameters, 
sampling or mapping algorithms used in creation of the 
product; algorithm software documentation; and data flow 
diagrams are also included in this category. 
 
   Metadata descriptions are required for data embedded 
within the product files such as quality flags and product 
data uncertainty fields. Documentation of processing history 
and production version history is important, indicating 
which versions were used when, why different versions 
came about, what the improvements were from version to 
version, and the versions of source code used to produce the 
products. 
 
   Special attention needs to be given to quality information, 
covering topics such as information about the impact to 
product quality due to issues with computationally intensive 
operations (e.g., large matrix inversions, truncation and 
rounding).  Also important quality information includes 
results of product quality assessments, methods used and 
assessment summaries for each version of the datasets.  
 
   For reference, product documentation includes names of 
key science team leads and product team members, roles, 
contact information, sponsoring agencies or organizations.  
Future users will benefit from useful references to published 
articles about the use of the data and user feedback received 
by the science and instrument teams about the products, 
including reports of any peculiarities or notable features 
observed in the products. 
 
   It is important to maintain the history of major changes in 
the algorithms and the rationale for changes in product 
versions in order to preserve the scientific record. 
Traceability of inputs as well as methods that were used in 
generating product files is essential for supporting credible 
research results. 
 
3.4 Mission Data Calibration 
This category contains the descriptions of methods and 
engineering data collected during the instrument’s operation 
that supports on-going instrument calibration.  Here we 
record the methods used for radiometric and geometric 
calibration of the instrument while in operation (e.g., in 
orbit). Instrument calibration data are sometimes acquired 
and applied separately from science data production, and it 
is appropriate to archive the data and source code that has 
led to the calibrated science data products.   Documentation 
should identify and explain in-line changes to calibration or 
to instrument or platform operations or conditions that occur 
throughout the mission. 
 
   Instrument and platform engineering data collected during 
operations (e.g., on orbit), including platform and 
instrument environment, events and maneuvers; attitude and 
ephemeris; aircraft position; acquisition logs recording data 
gaps; calibration look-up tables; and any significant external 
event data that may have impacted the observations. 
 
   Documentation of calibration as the instrument 
characteristics change over time is critical for researchers to 
be able to use data in a meaningful way, and to be able to 
generate consistent long-term time series. Records of 
instrument operations history, environment and any mission 
anomalies are important to understand any quirks or 
unexpected features in data products. Source code that 
handles the mission calibration data will help users in 
understanding how the calibrated products were generated. 
All versions of the software should be preserved and the 
relation between product versions and software versions 
should be documented. 
 
3.5 Science Data Product Software 
This category is for the source code used to generate higher-
level products in the science data processing system and 
includes software release notes, including references to 
versions of operating systems, compilers, commercial 
software libraries used in the code. Versions of science data 
product software should be archived for each major product 
release. A major product release is characterized by the 
appearance of peer-reviewed publications where reported 
results are based on the product version. In order for any 
product to be used in a scientifically valid manner it is 
important understand the theoretical basis for the algorithms 
used to generate it and any limitations with the product. 
Product software source code and production rules provide 
the definitive procedural steps that document the exact 
implementation of the algorithm as described in algorithm 
theoretical basis documents. 
 
3.6 Science Data Product Algorithm Input 
Ancillary data inputs to the algorithms are important for 
understanding features or anomalies that can be passed from 
them to the product data.  This category contains 
information on any ancillary data or other data sets used in 
generation or calibration of the data set or derived product, 
either explicitly in data descriptions or by reference to 
appropriate publications. 
 
The algorithm input information is needed by users 
investigating the products for long multi-mission time 
series. Investigators need this information to understand the 
relative contributions of each input to an output geophysical 
value in the product, both at a global scale and across the 
life of the mission, and at local spatial (e.g., regional focus) 
and temporal (e.g., extreme event focus) scales. 
 
3.7 Science Data Product Validation 
This category contains reports and data on the accuracy of 
products, as measured by validation testing, and compared 
to accuracy requirements. It includes a description of the 
validation process, identification of validation data sets, 
their measurement protocols, data collection, analysis and 
accuracy reporting. Investigators need evidence of the 
observed geophysical references for comparing calibrated 
and derived geophysical values to other long-term 
observational data sets.   
 
3.8 Science Data Software Tools 
Product access and data reader tools include software source 
code that would facilitate use of the calibration data, 
ancillary data and the data products at all levels. This 
includes software source code useful for creating programs 
that will read and display the calibration data, ancillary data 
and product data and metadata values.  Commercial tools 
should be identified with appropriate references. Software 
tools facilitate access to the data and metadata as well as 
confirm documentation of the data and metadata structures. 
Tools should provide an example of the data and metadata 
values that users should expect to see from the products. 
 
4. NASA’S EARTH SCIENCE DATA 
PRESERVATION CONTENT SPECIFICATION 
 
NASA has adopted the content list described above and has 
developed a specification for use by its missions [5]. The 
rigor with which this specification should be applied to a 
given project depends on the current stage in the life cycle 
of the project. In the case of projects that have been 
completed and the responsible individuals have retired or 
moved on to other activities, it may not be possible to gather 
all the content items that need to be preserved, unless the 
projects planned and preserved, serendipitously, the items 
called for in the specification. In such cases, the 
specification serves as a checklist to assess completeness of 
the preserved content.  The checklist will help ensure 
information is available in each category to support the 
suitability of the instrument observations for long term 
studies. Projects that are currently being planned will be in 
the best position to meet the specifications.  
 
5. CONCLUSION 
 
The progress made in the ESIP Federation, ESA and NASA 
environments provides a good starting point for developing 
a broadly accepted community standard, which in turn will 
ensure consistency among organizations collecting, 
generating and archiving data and derived products for use 
in long-term analyses.  The only real distinction between the 
ESA and NASA/ESIP approach at this writing has to do 
with at what point in the formulation content details need to 
be organized and tailored by type of measurement platform 
and instrument. Within NASA, the Preservation Content 
Specification is being used as a checklist for heritage 
missions and current missions, and as a planning tool for 
upcoming missions. Plans are being made to explore 
developing an IEEE or an ISO standard on preservation 
content as a complement to existing metadata standards. 
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